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Learner Variables Associated with Reading and Learning in a Hypertext
Environment ‘

Dale S. Niederhauser
Iowa State University

Amy Shapiro
University of Massachusetts - Dartmouth

The question of how we learn from hypertext is more complicated than how we
learn from traditional text. While many elements like character decoding, word
recognition, comprehension, and others remain the same, a number of features that are
unique to reading hypertext pfoduce added complexity. It is these features that drive
research on hypertext in education.

The most salient feature of hypertext, of course, is its nonlinear structure. How
nonlinear structure alters learners’ mental representations or ability to use their new
knowledge has been an active area of research. This feature gives rise to a number of
factors related to learning. Primary among these is flexibility of information access.
Whereas traditional text allows the author to assume certain information has already been
encountered allowing presentation of new information accordingly, hypertext links allow
greater flexibility of access to information such that the sequence for reading is specified
by each user. In other words, there is a greater degree of learner control when engaged
in hypertext-assisted learning (HAL). In light of this increase in reader agency and
responsibility when reading hypertext, researchers have begun to examine the role of
various learner characteristics like individual differences, motivation, and goals on

learning from hypertext.




Prior Knowledge

Central to the Schema Theory-based assumptions that underlie Cognitive
Flexibility Theory (see Spiro, Coulson, Feltovitch, and Anderson, 1988; Spiro,
Feltovitch, Jacobson, and Coulson, 1992) is the notion of metacognition—that the reader
monitors and controls his or her own meaning making processes. Increased learner
control forces the reader to interactively coordinate information accessed in the hypertext
to build on and integrate with existing knowledge. Thus, as has been demonstrated
repeatedly in the broader reading research, the reader’s level of prior knowledge has a
powerful influence on what is learned from text (see Alexander, Kulikowich, and Jetton,
1994). Thus, the complexity of one’s prior knowledge would seem to be an important
factor that would interact with textual and contextual factors in HAL.

Readers tend to come to a hypertext with differing levels of prior knowledge and
this variable has received considerable attention in the context of HAL. Specifically,
research has yielded fairly consistent findings concerning the relationship between prior
knowledge and different levels of control (Balajthy, 1990; Dillon & Gabbard, 1998; Gall
& Hannafin, 1994; Large, 1996; Tergan, 1997). That is, low prior knowledge readers tend
to benefit from more structured program-controlled hypertexts while high prior
knowledge readers tend to make good use of systems that allow more learner control.
Gall and Hannafin (1994) state “Individuals with extensive prior knowledge are better
able to invoke schema-driven selections, wherein knowledge needs are accurately
identified a priori and selections made accordingly. Those with limited prior knowledge,
on the other hand, are unable to establish information needs in advance, making their

selections less schema-driven.”



Some studies have shown advantages to using a highly organized system structure
like a hierarchy. Simpson and McKnight (1990) suggest that a well-structured system
can augment learning. They presented subjects with a 2500-word hypertext on
houseplants. Subjects were shown indexes listing the system content that were either
structured hierarchically or alphabetically. In other words, only one system organized the
information according to conceptual relationships. The differences between groups’
learning outcomes were marked. The hierarchical group outperformed the alphabetical
group on a posttest of content and was better able to reconstruct the organization of
content in a mapping posttest.

Does this mean that highly organized, hierarchical structures are always superior?
Research on learning from traditional text would suggest so. A large body of literature
on the relevance to hierarchical structures to learning has shown that such well-defined
structures are important to information acquisition (Bower, Clark, Lesgold, and Winzenz,
1969; Eylon & Reif, 1984; Kintsch and Keenan, 1974) and expert performance and
problem solving (Chase and Simon, 1973; Chi and Koeske, 1983; De Groot, 1965;
Friendly, 1977; Hughes and Michton, 1977; Johnson, 1967). This work largely
influenced the design of hypertext systems from the beginning.

However, system structure need not be hierarchical to benefit novices. The
important characteristic for low knowledge learners is that the conceptual relationship
between documents be made clear. This was demonstrated by Shapiro (1999). In that
study, low prior knowledge subjects were assigned to work with either a hierarchy, an

arrangement of thematic clusters, an unstructured collection of interconnected



documents, or a linear (electronic) book. All system conditions presented the same
documents about animal biology.

A cued-association posttest showed that subjects in all three hypertext conditions
were able to recall the conceptually related topics, which were presented through system
links. Subjects assigned to the electronic book condition differed significantly in this
regard from those in the linked conditions. (The possibility of a repetition effect through
simply seeing the link button names was ruled out with a separate control condition.)
Learning across conditions was shown to be shallow, however, as all groups performed
poorly on a problem-solving posttest. A closer look at the data, however, revealed that
problem-solving performance was related to an interaction between the user interface and
navigation pattern. Specifically, the Clustered condition presented short phrases adjacent
to each link button that provided some detail about the relationship between the current
document and the one represented by the link. The data revealed a significant correlation
between the actual use of these buttons and performance on corresponding inferential
items. Simply put, subjects were more likely to get a problem solving question correct
when they actually used the link that joined the documents relevant to the question.

In this case, not even the hierarchical structure aided subjects in creating a
meaningful understanding of the material. However, the use of more explicit pointers to
conceptual relationships was related to an increase in problem solving ability. The
important point about this study is that there is nothing “magical” about hierarchies for
novices. Rather, any device that will explicate the conceptual relationships between

topics can aid low knowledge learners.



While most of the research examining hypertext has been conducted with adult
readers, Shin, Schallert, and Savenye (1994) examined the relationship between prior
knowledge and learner control on the learning of 110 second-grade students. A simple
hypertext on food groups was presented in a free access condition that allowed students
to access every possible topic in the lesson in any order through a button-driven network
structure. The same text was also presented in a limited-access form that had a
hierarchical structure allowing the students to choose only topics that were related to the
topic just presented. Both texts were also divided into an advisement condition, in which
the program made suggestions to the reader on how to proceed, and a no advisement
condition. Students completed paper-and-pencil pre- and posttests to assess their learning
of the content. Results were consistent with findings of studies with adult readers.
According to the authors, “. . . high prior knowledge students seemed able to function
equally well in both conditions whereas low prior knowledge students seemed to learn
more from the limited-access condition than from the free access condition.” (p.43).
Field Dependence / Independence

Another important individual difference that has received attention in the
literature is the effect that learning style, or cognitive style, has on learning from
hypertext under different treatment conditions. As our explanation of the interaction
between active learning strategies and system structure showed, individual differences in
learning style are often important to the learning outcomes. This is so largely because
they interact with other factors such as system structure.

Some researchers believe that there may be a relationship between types of

navigational strategies in hypertext and whether the learner is field-dependent or field-



independent. Field-independent learners tend to be more active learners and use internal
organizing structures more efficiently while learning. Thus, it would seem that degrees of
structure in hypertext would be related to the learning outcomes for field-
dependent/independent learners.

Lin and Davidson-Shivers (1996) examined the effects of linking structure type
and field-dependence and independence on recall of verbal information from a hypertext.
One hundred thirty-nine ﬁniversity students read one of five hypertext-based instructional
programs on Chinese politics. Treatments included linking structures with varying
degrees of structure from linear to random. Field dependence/independence was
determined by the Group Embedded Figures Test and learning was assessed through a
30-item fact-based multiple-choice test on the content provided in the lesson. According
to the authors, subjects who were more field independent had higher scores on the recall
measure regardless of treatment group. That is, the authors did not find a significant
interaction between linking structure type and field dependence/independence.

These measures were text-based. Thus, it is unsurprising that no effect was
observed, as the posttest did not assess the kind of knowledge that would be augmented
by hypertext or active strategies (see Landow, 1992). However, Dillon and Gabbard
(1998) have noted the frequency of such negative results and have concluded that “The
cognitive style distinction of field dependence/independence remains popular, but, as in
most applications to new technology designs, it has failed to demonstrate much iﬁ the
way of predictive or explanatory power and perhaps should be replaced with style
dimensions that show greater potential for predicting behavior and performance.” (p.

344) Although their sample size was small (only four studies), Chen and Rada (1996)



also reported no general effect of active versus passive learning strategies in their meta-
analysis of HAL. However, a great deal of research converges on the fact that passive
engagement with a hypertext will mitigate learning outcomes when working with an
unstructured hypertext. It may be that learning strategy affects learning outcomes
primarily when it interacts with other factors (such as system structure).

Navigation Styles

Researchers have attempted to identify patterns of reader navigation as they read
hypertext. In an early study of navigation patterns, researchers watched subjects read
hypertext and identified six distinct strategies: skimming, checking, reading, responding,
studying and reviewing (Hormey & Anderson-Inman, 1994). Castelli, Colazzo, and
Molinari (1998) examined the relationships among a battery of psychological factors and
a series of navigation indices. Based on their examinations the authors identified seven
categories of hypertext users and related the kinds of cognitive characteristics associated
with the various patterns. However, these studies simply addressed what readers did—not
the relationship between reading patterns and learning.

One such study attempted to relate individual characteristics that influence
hypertext readers’ navigation patterns to learning. For example, three different profiles
have been identified in college-level readers’ navigation of hypertext. Some acted as
knowledge seekers, systematically working through the text to extract information.
Others worked as feature explorers, trying out the “bell and whistle” features to see what
they did, while others were apathetic users who examined the hypertext at a superficial
level and quit after accessing just a few screens (Lawless & Brown, 1997; Lawless &

Kulikowich, 1996). Lawless and Kulikowich (1996) examined navigation patterns of 41



university students who read a 150-frame hypertext on learning theories to identify the
categories described above. They also examined student learning and found learner
interest and domain knowledge appeared to have a significant influence on readers’
navigational strategies. There was also some indication that knowledge seekers tended to
learn more from the text than did feature explorers.

Other research has attempted to determine underlying cognitive characteristics
that are reflected in the navigation strategies employed. Balcytiene (1999) used a highly
structured 19 node hypertext on Gothic art recognition. Inserted “guiding questions” were
designed to focus the readers’ attention. Fifteen Finnish university students read the
hypertext and completed a pretest, posttest, and interview. The pretest and posttest
involved recognizing whether artifacts were Gothic and providing a rationale for their
opinions.

Three reading patterns were identified. Some readers engaged in systematic
reading followed by nonlinear testing and reflecting, in which readers read all the
information, then revisited sections as needed. A second group was labeled systematic
versus explorative reading. These readers started by exploring the hypertext, then became
more systematic to locate specific information to address the guiding questions. The
stimulated-recall interview revealed that they were searching the screens for cues on what
to do and what to read next. Finally, some students explored the hypertext based on
individual interest, then systematically read the remaining content. The authors identified
two underlying characteristics for these readers. “self-regulated readers” tended to
systematically extract all of the information in the text. They were more independent and

exploratory in their reading patterns. In contrast, “cue-dependent readers” focused on
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finding the answers to the guiding questions. They were highly task oriented, looking for
the “right answer” rather than learning general concepts.

Although results were not statistically significant (probably due to small sample
size), the pattern of findings was of interest. Self-regulated readers went from an average
of 62.5% correct on the pretest to 98% correct on the posttest, while the cue dependent
group average scores actually declined slightly from 91.5% to 87.5 correct. Consistent
with work reported previously in this chapter, this highly structured hypertext appeared to
be more beneficial to low prior knowledge readers. Although the authors overstated their
claims, it appears that further research into the self-regulated/cue-dependent distinction is
warranted. Hypertext navigation is not; however, always a systematic and purposeful
process. An extensive area of hypertext navigation research centers on examining the
effects of reader disorientation, or becoming “lost in hyperspace” on learning. According
to Dede (1988, cited inA Jonassen, 1988), “The richness of non-linear representation
carries a risk of potential intellectual indigestion, loss of goal directedness, and cognitive
entropy.” Disorientation appears to stem from two factors (Dias, Gomez & Correia, 1999;
McDonald and Stevenson, 1999). First is the complexity of the HAL task. Readers must
allocate cognitive resources to navigate the text, read and understand the content, and
actively integrate the new information with prior knowledge. Second is what Woods
(1984, cited in McDonald and Stevenson, 1999) calls the “keyhole phenomenon. The
scope of document content and the overall linking structure is not apparent when one is
viewing an individual screen—causing the reader to have problems locating their position

in the document relative to the text as a whole.
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Several researchers have attempted to address the keyhole phenomenon. Much of
this work examines the effects of different types of user interfaces on user disorientation
(e.g., Dias, Gomes & Correia, 1999; Schroeder & Grabowski, 1995; Stanton, Taylor &
Tweedie, 1992). Unfortunately, this research is concerned with identifying system
structures to promote ease of navigation rather than the effects of such structures on
learning. One study compared the use of an interface called “continuous zooming” with a
“jump-based” system on learning and attitude (Paez, Bezerra da Silva-Fh., and
Marchionini, 1996). However, no differences in learning were identified with respect to
the use of the two interfaces.

Niederhauser , Reynolds, Salmen, and Skolmoski (2000) addressed the other
disorientation issue—cognitive resource allocation—by providing options to allow
readers to choose their method for accessing text information and to change that method
as they read. The researchers developed a hypertext describing behaviorist and
constructivist learning theories that could be read in a linear fashion, moving sequentially
down each branch of the hierarchy for each topic, or hypertextually by linking between
related concepts on the two topics. Reading the 83-screen hypertext was part of a regular
class assignment for 39 university students who participated in the study. Students were
tested on the content as part of the class. Examination of navigation patterns showed that
some students adopted a purely linear approach, systematically moving through each
frame for one theory, then moving through the second theory in the same manner. Other
students read a screen on one theory, then used a link to compare that information with
the other theory, and proceeded through the text using this compare and contrast strategy.

Results indicated that students who read the text in a linear fashion had higher scores on a
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multiple choice test of factual content and an essay that required students to compare and
contrast the major themes in the hypertext. Increased cognitive load was hypothesized as
the reason students who used the linking features did not perform as well on the posttests.

The need to navigate through a hypertext is a defining feature that differentiates
reading and learning in a hypertext environment from reading and learning with
traditional printed text. Initial navigation strategies may be adopted due to interest,
motivation and intrinsic or extrinsic goals of the reader. Several authors (Niederhauser,
et. al., 2000; Shapiro, 1999; Tergan, 1997; Yang, 1997) have discussed issues of
cognitive load when engaging in HAL. (See Paas & Van Merrienboer, 1994; Sweller,
1988; Sweller, van Merrienboer, & Paas, 1998 for more about the problem of cognitive
load during instruction). When the cognitive load associated with navigating through the
text interferes with the reader’s ability to make sense of the content, the reader may adopt
compensatory strategies to simplify the learning task. Thus, navigation strategies may
influence what the reader learns from the text, and may be influenced by the concéptual
difficulty associated with the content and the learning task.
Learning Goals

Goal-directed learning appears to have a powerful influence on HAL (Jonassen &
Wang, 1993). According to Dee-Lucas and Larkin (1999), “readers develop an internal
representation of the text’s propositional content and global organization, which forms
their textbase. They also construct a more inclusive representation of the text topic
incorporating related prior knowledge for the subject matter, which is their situation
model. The nature of the representations developed by the reader reflects the

requirements of the study goal . . .” (p. 283) Thus having a purpose for reading gives the
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learner a focus that encourages the incorporation of new information into existing
knowledge structures in specific ways.

Curry, Haderlie, Ku, Lawless, Lemon, and Woodand (1999) conducted a study to
examine the effect of providing a specific learning objecti;/e to guide the reading of a
hypertext (Curry et al., 1999). Fifty university students read a 60-frame hypertext on
Lyme disease. Half of the students were given a specific task to guide their learning.
The}.' were given a scenario about a man with physical symptoms and a probable
diagnosis, and told to use the hypertext to determine the accuracy of the information in
the scenario. The other half of the subjects were told to read the text carefully, as they
would be asked a series of questions at the end. Although there were no differences found
on recall measures, the concept maps that students drew did show differences. Students
with a specific goal constructed more relational maps, which the authors felt
demonstrated a more sophisticated internal representation of the content.

Not all specific learning goals promote deep, meaningful learning, however.
Azevedo and colleagues (Azevedo, Seiber, Guthrie, Cromley, Wang, and Tron, 2002)
gave subjects a goal of answering specific questions about the human circulatory system
while other subjects were able to generate their own goal. Some subjects in the question-
answering groups increased sophistication of their mental models of circulation, but
many actually showed a decrease in sophistication. None of the subjects in the learner-
generated condition showed a decrease in their mental models’ quality while almost all
showed an increase. Moreover, those in the self-generated goal condition demonstrated

more effective use of metacognitive strategies.
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Subjects in Curry and colleague’s study benefited from a specific goal because it
capitalized on the features offered by hypertext. The specific goal of fact finding
assigned by Azevedo and colleagues was not particulaﬂy compatible with HAL. Early in
the history of hypertext in educational settings, Landow (1992) wrote about the
importance of matching learning goals to the uniquengss of the technology. He points
out that hypertext and printed text have different advantages and that hypertext
assignments should be written that compliment it. Goals like fact retrieval squander the
richness of hypertext because fact-finding is not aided by multiple links. A number of
studies, including that reported by Azevedo and colleagues (2002) exemplify this point.

What sort of learning éoals do hypertext environments enhance? Landow (1992)
suggests that assignments should be written to allow learners to capitalize on the
connectivity. He implores educators to be explicit with learners about the goals of the
course, the role of hypertext in meeting those goals, and to provide assignments with that
in mind. In describing his own approach, Landow writes,

...since I employ a corpus of linked documents to accustom students to

discovering or constructing contexts for individual blocks of text or data,

my assignments require multiple answers to the same question or multiple

parts to the same answer. If one wishes to accustom students to the fact

that complex phenomena involve complex causation, one must arrange

assignments in such a way as to make students summon different kinds of

information to explain the phenomena they encounter. Since my courses

have increasingly taken advantage of Intermedia’s capacity to promote

collaborative learning my assignments, from the beginning of the course,
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require students to comment upon materials and links they find, to suggest

new ones, and to add materials (p. 134).

Note how Landow’s approach reflects the philosophy that grounds Cognitive Flexibility
Theory. Indeed, Spiro, Jacobson, and colleagues have long advocated this approach
(Jacobson and Spiro, 1995; Spiro and Jengh, 1990; Spiro et al., 1988).

Some work has also been reported that examined the compatibility between
learning goals and characteristics of hypertext structure. In a series of studies with
university students, Dee-Lucas and Larkin (1995) examined the effect of segmenting
hypertext into different sized units to examine students’ goal-directed searching under
these conditions. Sixty-four students with limited prior knowledge of Physics participated
in the study. Two hypertexts on buoyant force were created. One had 22 units organized
into three levels of detail, and a second had only nine units with each unit reading as a
continuous text. Students read one version of the hypertext under two conditions, once
with an information-seeking task and a second time with a problem-solving task. Readers
with the more segmented hypertext tended to focus on goal-related content, resulting in
detailed memory for goal units, but narrower overall recall. Readers with the less-
segmented hypertext tended to explore unrelated units and recalled a broader range of
content. However, when the larger size of the less-segmented text blocks made
information location more difficult, fewer readers completed the goal.

The authors conclude that learning goals that require accurate recall of the text,
like learning scientific terminology, require the formation of an accurate and complete
textbase. Narrow, well-defined goals that require the reader to locate and/or interrelate

specific content may be more efficiently achieved with hypertext that is broken down into
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smaller units. Conversely, learning goals that require the reader to integrate related prior
knowledge (problem solving, inferential reasoning, etc.) may benefit from reading a less-
segmented hypertext. Hypertext that contains larger text blocks may promote text
exploration and development of a more complex mental model. Thus, a less-segmented
hypertext may be appropriate for learning goals that require readers to internalize a wide
range of text content or a more thoroughly developed conceptual model of the content.

In sum, the literature shows with a fair degree of consistency that learning with
hypertext is greatly enhanced when the learning goal is specific; although a clear goal is
not always enough to augment learning outcomes. Tasks that do not capitalize on
hypertext’s unique connectivity, such as fact seeking, may be enhanced by the use of a
highly segmented and indexed hypertext, but can promote poor learning strategies and
superficial learning. However, in most cases hypertext is designed to encourage students
to seek relationships between ideas, consider multiple aspects of an issue, or otherwise
promote conceptual understanding. Developers, teachers, and users who attend to these
goals are most likely to reap advantages from hypertext.
Conclusion

Although still in its infancy, some important findings have emerged from research
on learner variables associated with reading and learning in a hypertext environment.
First, it is clear that the level of the reader’s prior knowledge is a critical factor in
learning from hypertext. Students with low prior knowledge tend to benefit from more
structured hypertext. Structure need not be hierarchical-——but the structural links must

reflect clear and explicit relationships in the conceptual structure of the text. When
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students use these links, the knowledge structures in the text appear to promote the
development of conceptual links in the their understanding of the content.

Further, it appears that active cognitive engagement with the content and
purposeful use of the linking features tends to have a positive influence on learning.
Students who have a goal in mind and purpose for reading tend to read more
systematically and develop a more inclusive and complex representation of the textbase.
This finding seems to be facilitated when there is a good fit between the hypertext
structure, segmentation, and the purpose for reading it.

Finally, reading and learning from hypertext tends to be difficult for many
readers. Added to the normal reading requirements—decoding, word recognition,
comprehension, integrating with prior knowledge, and so on—are navigational demands
and the need to deal with small segments of text. Thus potential learning advantages may
be mitigated by additional cognitive load.

A growing body of research is beginning to shed light on some of the complex
relationships associated with HAL. Good programmatic research that builds on our
current knowledge base will provide further insights into the use of hypertext to promote

learning. In this way we can begin to realize the full potential of HAL.
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